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. Reclaimed asphalt pavement

. Rejuvenator

Rutting

. Recycled high density polyethylene (r-hdpe)
. Waste engine oil

. Oleic acid

. Vacuum bottom

. Semicircular bending
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1.04 ASTM-D70 Density (gr/cm?)

Penetration 25 °C

66 ASTM-D5 (0.1mm)
50 ASTM-D36 soft point (°C)
312 ASTM-D3143 Flash point (°C)
329 ASTM-D2170 Viscosity 135°C (Cst.)
100 ASTM-D113 Ductility 25°C (Cm)
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gr/cm3 0.98+0.02 Density @ 25°C
ASTM E70 5-7 pH (5% in water)
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ASTM E203 %Wt Max. 0.5 Water
2 el ) ans bl (o> el RV I iagh VB ”5\"—\"—\—"

Olasuie b alsl bbgle & RAP )3 39350 oy

ol 00 03,9l O Jodo p3 odle ol (S5

b b ol alie oles ba (VB) Ms 3 plais 75 Slowey
ol 53 0y yi8 Slegler Glsisd (e 9 (O50)5)]

o oalitwl VB ufv).é Olasuin 0 Js.\?

(Shad &9
19570 60 (°C)
2251 80 (°C) -
559 100 (°C) (Cst.) (SoiloS 4 jgSiun
106 135 (°C)
409 25 (°C)@ (0.1mm) 344 4> >
1.008 (gr/em3) J&s

(AY 9 1.0 Y oov) Glises so,yd ,le> 3 (R-HDPE) (&ew
51 Yok 0355 s oyl o3l 5o 8 353 4 Can
018 Juale (1g)dm w3l 93 ()5 o3l p 4 O A () Sla el
G5 o) 3 00 dlizal L3l bl Ly Lo 58 ol .l
ol 0ad Sl F Jods 4o

)Mok ccunbie Cuaid o Slol 8 Jbaey (S (8L 5L (il by
(SIld Caaglie d9u0 53 cuslie 3)Sles g sl )l
Vg0 X polis ccpmizmen b bl o1t el arly laisa
bl iy Slalllas jd ookl 5)g0 oy dely oy do >
DSel 35Sy 3t I Sl s b 0
355 obl,8 Lglsea 3,Slac 5 ol ok I3 1 oy

(R-HDPE) Ko JBs b 280 50 ol by €-9-Y
Wb b lodl; @lio (hyns g Curer Ad) 4 4295 b o9l
Bl ol sl (b3l 295 B lieeds (Setodl 9 (6 ponk
Olgiedr ( il (o slogy & (saed g ixio sl 2,8
d‘.&ab.\u\” u,.».mlf 9 JuLo..w; Co pde Lgb; WLA )K&vl) 4_§:
g sxwo sbdllj oS gysba cwl odd pilas e
Ol polpw aliee (ol )5S )31 (slodinlh g5 059 el (6 e
8Lk s Saedly il cladll; he j3 canl 03y s
4(PS) bl 3 PP) ol {PE) b PET ol
g o fuder Pl 9 Slolhd S PE G PET .5 o sled
S GBI S st ool 3 Y5 aes,S e 358



o (SIS Caglie 3Slas y B ek s S S i Bl s 5 F

oS (B b (Bl sl (b claseie T Jgae

Slasbew! =W Cowd
ASTM D1238 0.47 (190, 5) g/10min Melt flow index
ASTM D1238 0.083 (190, 2.16) g/10min Melt flow index
ASTM D792 0.95 Density (g/cm3)
1SO 306 64.5 Vicat softening point (°C)
ISO 113571 142.8 Melting temperature (°C)
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ABSTRACT

The use of Reclaimed Asphalt Pavement (RAP) has gained increasing
importance due to the scarcity of natural resources—such as bitumen and
aggregates—as well as concerns regarding global warming, rising greenhouse
gas emissions, and economic challenges. However, incorporating RAP into
asphalt mixtures can compromise cracking resistance due to the presence of aged
bitumen. To address these issues, the use of rejuvenators has been proposed; yet,
their application may negatively affect high-temperature performance and rutting
resistance. In this study, various rejuvenators were initially employed to enhance
the cracking resistance of asphalt mixtures containing RAP; subsequently,
recycled high-density polyethylene (R-HDPE) was used to counteract the
reduction in rutting resistance. Three distinct types of rejuvenators—waste
engine oil (WEO), oleic acid, and VB—were utilized. Three different RAP
contents (0%, 50%, and 100%) were used to prepare the specimens. Finally,
each rejuvenator and polymer was added—both individually and in
combination—at four different dosage levels to asphalt mixtures containing 50%
RAP. Finally, the performance of the samples was evaluated at intermediate and
high temperatures. To this end, rutting resistance tests were conducted at 50°C,
and SCB tests were performed at 25°C. The results indicated that the
simultaneous use of a rejuvenator and a polymer could improve crack resistance
without compromising rutting resistance.
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